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Effects of Microstructure and Arrangement of Dislocation Cell Walls on the Yield Stress Anisotropy
in Al-Mg Alloy Sheets
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Strength and formability, for example, of rolled aluminum sheets show different values in accor-
dance with the relative angle between the tensile and rolling directions, i.e. parallel, perpendicular
or 45° to the rolling direction. This phenomenon is called anisotropy, and it is generally under-
stood that crystallographic texture has a significant influence on the anisotropy. However, we pre-
viously reported that dislocation structure also caused yield stress anisotropy in non-recrystallized
sheets. In this work, the yield stress anisotropy in Al-Mg alloy sheets popularly used for can end
stock and the like was studied by microstructural observations including arrangement of disloca-
tion cell walls. As a result, it was found that the change in anisotropy by annealing was strongly
affected by the type of initial dislocation cell arrangement introduced by cold rolling. Therefore, in
order to control the yield stress anisotropy, optimization of the microstructure and the dislocation
cell arrangement with appropriate thermomechanical treatment is the most important issue.
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Table 1 Chemical composition of specimens.  (mass%)

Alloy designation | Mg Fe Mn Si Al
4.5Mg— (F,C) 4.51 0.06 - 0.03 bal.
4.5Mg + 0.5Fe 4.51 0.53 - 0.04 bal.
4.5Mg+1.0Mn 4.51 0.07 | 098 | 0.03 bal.
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Table 2 Thermomechanical treatments of specimens.

4.5M
State 9 | 45Mg+ | 4.5Mg+
F| C 0.5Fe 1.0Mn
Homogenization
(C—5h) 500 450 500
Pre-heating
(C—2h) 530 450 500
Hot rolling 70— 4 (mm)
Cold rolling 4— 2 (mm)
I?termed!ate annealing 400 | 550 550 550
(C—1 min)
Cold rolling 2—0.3 (mm) <85%CR>
Final annealing
(C—1h) 120, 160, 200, 240
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Table 3 Microstructural characteristics of specimens.

State Before cold rolling 85% cold rolled state
Characteristics Grain size Shear band (D(;%?E;iﬂtiziie) Fine precipitate
4.5Mg—F fine few few few
45Mg—C coarse many few few
4.5Mg + 0.5Fe fine few many medium
4.5Mg + 1.0Mn fine few medium many
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Fig.1 Optical micrographs showing distribution of coarse
particles and fine precipitates after pre-heating.
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Table 4 Solute Fe and Mn concentration of as DC cast
and after pre-heating in specimens measured by
phenol extraction method.

State As DC cast After pre-heating
Solute element Mn Fe Mn Fe
(mass%) | (ppm) | (mass%) | (ppm)
45Mg—F
- 54 - 45
45Mg—C
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4.5Mg + 1.0Mn 0.687 53 0.236 1
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Fig.2 Optical and SEM micrographs showing distribution
of shear bands and coarse particles in 85% cold
rolled specimens. Area fraction of coarse particles
(Acp.) larger than 1 um is also shown in the column
under the micrographs.
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Fig.3 Yield stress of 85% cold rolled and recovery
annealed sheets with different tensile direction.
Yield stress anisotropy, AYS, was estimated by
subtracting minimum yield stress from maximum
yield stress.
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Fig.4 Variation in AYSg:-— 45°and AY Sgg-— 450 With tempera-
ture of recovery annealing for 1h starting from 85%
cold rolled states.
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Fig.5 TEM micrograph showing dislocation cells elongat-
ed to the rolling direction of 85% cold rolled 4.5Mg
+ 1.0Mn specimen.
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Fig.6 TEM micrograph showing subgrain structures of
4.5Mg + 1.0Mn specimen annealed at 240°C for 1h.
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Fig.7 TEM micrograph showing dislocation cells devel-
oped around Al-Fe coarse particles in 85% cold
rolled 4.5Mg+0.5Fe specimen.
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Fig.8 TEM micrograph showing 4.5Mg + 0.5Fe specimen
annealed at 240°C for 1h.
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